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Assessment of causal link between
psychological factors and symptom
exacerbation in inflammatory bowel
disease: a systematic review utilising
Bradford Hill criteria and meta-analysis of
prospective cohort studies
Mariyana Schoultz1* , Michelle Beattie2, Trish Gorely2 and Janni Leung3
Abstract
Background: Psychological stress is a prevalent factor in inflammatory bowel disease (IBD) with detrimental effects
on patients’ quality of life and possibly disease course. Although the aetiology of symptom exacerbation in IBD has
been explored, determining any causation between psychological stress and symptom worsening remains challenging
and requires a methodologically rigorous approach.
Aim: The aim of this systematic review with meta-analysis was to determine a causal relationship between psychological
stress and symptom exacerbation in IBD, subsequently utilising Bradford Hill’s criteria (approach never used in this topic
area before) to evaluate the likelihood of causal associations.
Methods: Medline, EMBASE, CINAHL and PsycInfo were searched for relevant studies up to July 20, 2019. Data extraction
and quality appraisal were performed by two independent reviewers. Results of all retained papers were presented as a
narrative synthesis. A random-effect meta-analysis was conducted on studies meeting the criteria for meta-analysis.
Bradford Hill criteria were applied to assess the causality of the relationship between all psychological factors and
symptom exacerbation.
Results: The searches yielded 2472 potential articles. Nineteen clinical prospective cohort studies were eligible for the
narrative review with five suitable for the meta-analysis. Meta-analysis showed depression, anxiety and perceived stress
did not have a statistically significant association with an increased risk of symptom exacerbation. Four of the Bradford Hill
criteria were met which indicates that there is weak to moderate evidence of a causal association between all the
psychological factors and disease activity. Inconsistent results and a dearth of studies using the same tools for measuring
psychological factors suggest the need for more research to be done to facilitate more conclusive findings.
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Conclusions: This original review utilising Bradford Hill criteria in addition to meta-analysis to evaluate the causality of
relationship between psychological factors and symptom exacerbation in IBD provides evidence that psychological
factors have a weak to moderate causal involvement in IBD symptom exacerbation. However, when combining this
finding with the outcomes of the meta-analysis, we can say that the results were inconclusive. Interventions to reduce
the associated psychological impact should be part of the treatment plan for patients with IBD.
Systematic review registration: PROSPERO CRD42012003143
Keywords: Inflammatory bowel disease, Crohn’s disease, Ulcerative colitis, Psychological factors, Symptom exacerbation,
Systematic review, Meta-analysis
Background
Inflammatory bowel disease (IBD) is a relapsing, chronic
condition with unidentified aetiology affecting predom-
inantly the gastrointestinal tract [1]. The condition af-
fects around 2.2 million people across Europe and 28
million people worldwide with an increasing prevalence
[2, 3]. Main symptoms include abdominal pain, bloody
diarrhoea and nutritional failure, but patients can also
suffer from ocular, musculoskeletal and skin pathologies
[4]. There is no cure for IBD and a high proportion of
patients need hospitalisation and require surgery at 10
years [5]. A combination of highly distressing symptoms,
possible hospitalisation and surgery, as well as no
imminent prospects of cure impacts on patients’ quality
of life.
Despite improvements in pharmacological interven-
tions and surgical outcomes, patients with IBD report a
high degree of psychological symptoms associated with
the disease [6]. Together, the symptoms impact on all
aspects of their lives, often affecting their relationships
and employment [7]. In addition, the rising prevalence
and incurability of the condition contributes to rising
health care costs and has an effect on the health care
system [8].
Whilst it has been noted that a high portion of pa-
tients with IBD experience psychological comorbidities
[9], it is not clear how psychological factors are related
to IBD and its disease course. Clinicians and patients
have long suspected that there is a relationship between
psychological factors and symptom exacerbation in IBD
[10, 11]. This is supported by studies in other long-term
conditions [12–14]. From evidence we know that psycho-
logical stress responses are known to stimulate the produc-
tion of inflammatory markers in a number of long-term
conditions [15, 16]. However, the research investigating
psychological factors and its relationship with disease symp-
toms in IBD has been somewhat conflicting. Some have
found an association between psychological factors and ex-
acerbation of IBD symptoms [17–19], whilst others have
not [20–22]. As discussed previously in the protocol for this
review [23], these contradictory findings could be the result
of methodological limitations. For example, some studies
have used retrospective data (influenced by recall bias) ra-
ther than gathering prospective data [24]. Others have con-
ducted systematic reviews in an attempt to clarify the
conflicting findings [25–27]. However, there are issues with
methodological quality in previous reviews. For example,
some reviews have not been systematically conducted or re-
ported and therefore increase the risk of bias and/or the po-
tential for replicability [25–28]. Other researchers have also
used tools with no validity or reliability [29] or have only re-
ported on depression without considering other psycho-
logical factors [30]. Thus, these limitations might provide
explanation for the ambiguous findings around a causal re-
lationship between psychological factors and symptom ex-
acerbation in IBD.
The challenge of establishing a causal relationship
between two variables is not new. In a classic study,
Bradford Hill [31] proposed a set of criteria, namely the
Bradford Hill criteria, to evaluate systematically whether
there is a causal link between an exposure of interest
and a health outcome. These criteria have been used by
epidemiologists to test causal hypotheses. The named
criteria which have stayed virtually unchanged since its
first publication are as follows: strength of the associ-
ation, consistency of findings, specificity of the associ-
ation, temporal sequence association, biological gradient,
biological plausibility, coherence and experiment. Apply-
ing these criteria will help to reduce ambiguity around
the relationship between psychological factors and
symptom exacerbation of IBD.
Establishing a causal link between psychological fac-
tors and symptom exacerbation of IBD would ensure
that the correct treatment interventions are available,
which could potentially reduce perpetual flare-ups and
associated distressing symptoms. Thus, the overall aim
of this systematic review is to examine if there is a causal
link between psychological factors and symptom exacer-
bation in IBD by utilising the Bradford Hill criteria,
which have never been used in this topic area to date.
Methods
This systematic review and meta-analysis were under-
taken according to the Preferred Reporting Items for
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Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [32].
Search strategy
Systematic searches of published papers indexed in
MEDLINE (via Ovid), MEDLINE (via PubMed),
EMBASE (via Ovid), CINAHL (via Ebsco) and PsycInfo
(via Ebsco) were searched for relevant articles published
in English from commencement of databases to July 20,
2019. In addition, hand searches of the reference list
were conducted of the relevant articles to identify any
other relevant studies missed by the previous searches.
The search strategy was designed with input from a
health specialist subject librarian. The following search
terms and their MeSH (medical subject heading) equiva-
lents were used: inflammatory bowel disease, Crohn’s
disease, ulcerative colitis, psychological stress, mental
stress, life stress, family stress, hassles, social stress, psy-
chological distress, perceived stress, mood disorders,
anxiety, depression and personality. The search strategy
developed for Medline (see list below) was amended and
used in the other databases. The sample of search strat-
egies for EMBASE, Cinahl and PsycInfo are in supple-
mentary files.
Search strategy for MEDLINE
1.Inflammatory Bowel Diseases/ or Inflammatory
Bowel.mp.
2.Crohn’s Disease/
3.Colitis, Ulcerative/
4.Stress, Psychological/
5.mental stress.mp.
6.life stress.mp.
7.family stress.mp.
8.hassles.mp.
9.social stress.mp.
10.coping.mp.
11.perceived stress.mp.
12.mood disorders.mp. or Mood Disorders/
13.Anxiety/
14.Depression/
15.4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14
16.1 or 2 or 3
17.15 and 16
Study selection
Studies were included in this review if they met the fol-
lowing criteria: (1) prospective cohort studies that re-
ported on a causal association between psychological
factors and symptom relapse in IBD patients; (2) partici-
pants of age 18 or above and with a diagnosis of Crohn’s
disease or ulcerative colitis; (3) reporting on psycho-
logical factors where they are clearly defined and the
measurement tools used were clearly identified; (4)
reporting on symptom exacerbation (flair, symptom re-
lapse or disease activity) and explicitly giving details on
tools used to measure disease activity/symptom relapse
which is the opposite of symptoms remission and (5)
published in English. The rationale for the inclusion cri-
teria was published in the study protocol [23]. In the in-
stances where there was overlap of data within and
between the studies, only those reporting the longest
duration of follow-up or the largest number of partici-
pants were included. A broad definition of psychological
stress was adopted, to include all the variety of minor to
major psychological factors (psychological stress, mental
stress, life stress, family stress, hassles, social stress, psy-
chological distress, perceived stress, mood disorders,
anxiety, depression, personality).
The study selection was in two stages. Firstly, two re-
viewers (MS and MB) independently screened all titles
and abstracts applying the pre-set screening checklist
presented in Table 1. Then the two reviewers independ-
ently screened the full text of the potentially relevant pa-
pers. Any disagreements were resolved by discussion
with a third reviewer (TG).
Data extraction and quality appraisal
Data from each paper was extracted independently by 2
reviewers (from MS, MB, TG) using a review specific ex-
traction tool. The extracted data included details on the
first author, year published, country, study and methods,
study populations with disease type, follow-up, types of
stress exposure, quality rating and statistical assessment
(Table 3). All extracted data was cross-checked and dis-
agreements were resolved by consensus among the re-
searchers. In cases of missing data, authors were
contacted and asked to provide the missing information.
The methodological quality of all papers meeting the eli-
gibility criteria was assessed independently by two re-
searchers (MS and MB) using the Critical Appraisal
Skills Programme (CASP) tool for cohort studies [33]
(supplementary files). This tool is widely used for critic-
ally appraising cohort studies and consists of 14
Table 1 Screening checklist
Title Yes No Unsure
Human
English language
Prospective cohort study
Reporting on psychological factors in IBD, UC or CD
and disease symptoms
Psychological variables (exposure) defined
Disease activity and symptom exacerbation measures
clearly defined
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questions of which most can be answered with ‘yes’, ‘no’
or ‘don’t know’. The two researchers assessed the quality
of all papers before determining whether papers pre-
sented a high or low risk of bias. Studies with a low risk
of bias were included in the review.
Data presentation and synthesis
As per Centre for Reviews and Dissemination-CRD [34],
a summary of extracted data from included studies is
presented in tabular form as part of the review (Table 3).
We provided synthesis utilising the Bradford Hill criteria
of causation for each psychological factor.
Analysis
The following Bradford Hill criteria for causation be-
tween psychological factors and symptom exacerbation
in IBD were evaluated for each of the psychological
stress categories:
1. Strength and association
2. Temporality
3. Coherence
4. Consistency
5. Plausibility
6. Biological gradient
7. Experiment
Only four criteria were deemed applicable. Specificity
was not evaluated because single exposure to psycho-
logical factors and outcome of symptom relapse does
not preclude a causal relationship. The four Bradford
Hill criteria were used to calculate a causation score for
each psychological factor.
1. The principles used to evaluate/compute the
criteria strength of associations, used previously by
Roffey et al. [35] are summarised in Table 2
(below). A score of 1 was given for moderate to
strong strength of association and a score of 0 was
given for none to a weak association (Table 4). Two
reviewers assessed all studies and agreed on
application of the criteria on all the studies.
2. Temporality or temporal sequence of association
means that exposure (psychological stress) must
precede outcome (symptom exacerbation).
3. Coherence refers to whether similar conclusions
have been drawn across all the studies in the
review.
4. Consistency. This criterion examines if the same
findings have been observed among different
Table 2 Statistical assessment for specific Brad Hill criteria for causation
Criteria Statistical assessment Qualification of strength of relationshipa
Association and experiment Odds ratio Protective:<1.0
Weak: 1.0–2.4
Moderate: 2.5–3.9
Strong:>4.0
Relative risk Protective:<1.0
Hazard Ratio Weak: 1.0–1.9
Prevalence ratio Moderate: 2.0–2.9
Incidence rate ratio Strong:O3.0
T test Clinically significant:>10% change in effect
Consistency Sackett’s strength of evidence Strong:>75% of studies (at least two high quality)
Dose response Pearson correlation Protective:<0.0
Weak: 0.1–0.29
Moderate: 0.3–0.49
Strong:>0.5
Logistical regression Protective:<0.0
Weak: 0.1–0.29
Moderate: 0.3–0.49
Strong:>0.5
Confident intervals on estimates Significant: nonoverlapping
Trend: overlapping confidence interval
aStrength at the risk estimate level refers to how strong a relationship is for the observed unique risk estimate or comparison
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populations, in different study designs and different
times.
5. Plausibility is looking at the presence of a potential
biological mechanism of causality.
6. Biological gradient examines if the changes in
disease (symptom) activity corresponds to changes
in exposure (length or intensity of exposure to
psychological factors).
7. Experiment examines if the removal of the
exposures (psychological factors) will alter the
frequency of the outcome.
Each of the Bradford Hill criteria was allocated a
value of 1 if the criteria were satisfied and a value of 0
if the criteria were not satisfied (Table 4). Points were
then added to give an overall causation score (range 0–
7) for each association as per Degelman [36]. Scores of
6 or 7 represent strong causal association, whilst scores
of 4 or 5, and ≤ 3 represent moderate and weak causal
association respectively. It is important to point out
that the causation score is different to the strength of
association score (Table 2) as the latter refers to the
strength of the relationship for the observed unique risk
estimate or comparison. A similar evaluation process
using different scoring systems has been employed pre-
viously by others [36–38].
Meta-analysis and heterogeneity
We performed random-effect meta-analysis on the quali-
fying studies in order to pool the estimates of associ-
ation. We computed the direction and effect size of the
impact of perceived stress, depression and anxiety on
disease activity using the MetaXL Version 5.3 software
for meta-analysis [39]. Hazard ratios (HRs) were used as
common risk estimates across the studies. Forest plots
were produced to visually access the association across
the studies and the corresponding 95% CI. I-squared sta-
tistics and chi-squared test were used to assess hetero-
geneity. Random-effect models are preferred over fixed-
effects models when we have heterogeneity. We initially
conducted both types to assess the robustness of our es-
timates, which revealed consistent conclusions. The re-
sults from random-effect models were presented for
consistency.
Results
Literature search
The search strategy identified 2472 potential studies, of
which 19 were included in the systematic review (10,188
participants in total). All database results were imported
in RefWorks where duplicates were removed. See Fig. 1
for further details.
Application of CASP
The results of the application of CASP found that most
papers were of high quality (see Additional File for
CASP Results). The responses of the questions were
used to determine whether decisions made or items
missing would potentially have a high bias affecting the
findings. For example, we considered whether the gener-
alisability of findings could be affected by the recruit-
ment of the cohort, the validity and reliability of the
instruments used to measure disease and psychological
factors and how cofounding variables were managed.
Overall, the analyses highlighted the need for improved
reporting. In particular, there was limited detail of statis-
tical analysis. Three studies [24, 29, 40] were removed
from the review due to their high risk of bias. For ex-
ample, participants collected data for the first week of
every month and this was presented as data for that par-
ticular month. This does not take account of the fluctu-
ating disease symptoms of IBD. Following application of
CASP 19 papers were retained.
Study characteristics
Characteristics of the included studies are presented in
Table 3. Ten papers originated from North America,
seven from Europe and one each from South America
and Australia. The cohort size ranged from n = 18 for
smallest cohort [41] to n = 4314 for the largest cohort
[42]. Of the 19 studies, 11 were looking at the combined
IBD population, 5 focused on CD patients only and 3
looked at UC patients. All studies included adults aged
18 and over. The shortest cohort follow-up was 3 month
[43] and the longest one was 108 months [44]. Charac-
teristics of studies psychological factors are shown in
Table 3. Out of all the 19 studies, the most commonly
measured psychological factors were as follows: depres-
sion (14), perceived stress (9) and anxiety (9). The rest
of the stressors were as follows: major life stress, recent
life events, daily strains, low mood and high mood,
hopelessness, psychological distress and long-term
stressors. All studies measured psychological factors
through self-reported questionnaires. Disease activity/
symptom relapse was assessed in a number of different
ways (see Table 3 for details). All included studies were
of high methodological quality.
Depression on symptom exacerbation in IBD
Fourteen out of the nineteen studies looked at depression
among IBD patients. Five studies [22, 43, 45–47] used the
Hospital Anxiety and Depression Scale (HADS) and three
used Becks Depression Inventory (BDI) or a modified ver-
sion of it [41, 48, 49]. The rest of the studies used the
Centre for Epidemiological Studies Depression Scale
(CES-D) [50]; Symptom Checklist-90R SCL [1, 18, 22], Pa-
tient Reported Outcomes Measurement Information
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Systems (PROMIS) [51] or the Patient Health Question-
naire (PHQ-8) [42]. Five studies [1, 41, 46, 51, 52] looked
at CD patients, three studies looked at UC [18, 45, 50],
whilst the rest looked at mixed sample of IBD patients.
Perceived stress on symptom exacerbation in IBD
Nine of the nineteen studies looked at perceived stress
among IBD patients. Five studies used the Cohen Per-
ceived Stress Scale (CPSS) to measure perceived stress
[1, 18, 19, 43, 45]. Three studies used the Perceived
Stress Questionnaire (PSQ) [46, 49, 50]. One study used
the stress ladder to assess perceived stress [53]. Two
studies [1, 46] looked at CD patients, three studies
looked at UC [18, 45, 50] and four studies looked at a
mixed sample of IBD patients [19, 43, 49, 53]. Most of
the studies found that perceived stress was associated
with subsequent symptomatic flare [1, 18, 19, 43, 45, 46,
50, 53]. Out of these, Langhorst et al. [45] found that
short-term stress (including acute perceived stress) to be
related to relapse, whilst Levenstein et al. [50] found for
long-term stress increases the risk of exacerbation.
Anxiety on symptom exacerbation in IBD
Nine of the nineteen studies looked at anxiety [1, 18, 22,
41, 44, 46, 47, 49, 52]. Four studies measured anxiety
with HADS [22, 44, 46, 52] and three studies used the
STAI, BAI and PHQ-8 [41, 47, 49]. Five studies looked
at CD [1, 41, 42, 46, 52], two focused on UC [18, 42]
and four studies [22, 44, 47, 49] looked at IBD.
Major life stress on symptom exacerbation in IBD
Four of the nineteen studies looked into the association
between major life events and IBD. Two studies [53, 54]
used the Schedule of Recent Experiences to assess major
life stress, one study used a numerical rating scale to de-
scribe the stress impact with 0 = not at all stressful to 10
= extremely stressful [19], and one study [50] used the
Paykel Life Experiences Interview. One study was in UC
[50] and three were in IBD [19, 53, 54].
Fig. 1 PRISMA flow diagram of studies
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Recent life events on symptom exacerbation in IBD
Four studies examined the relationship between life
events and symptom exacerbation in IBD. Two studies
used the Social Readjustment Rating Scale [21, 48],
whilst Mardini et al. [41] used Holmes Recent Life
Changes (RLC) and Bitton et al. [18] used the Psychiatric
Epidemiology Research Interview (PERI) Life events
scale. All the questionnaires used were designed to
measure the degree of psychological distress, as opposed
to being used for diagnostics assessment. Two studies
included both CD and UC patients [21, 48], one studied
only UC [18] and one only CD [41].
Daily strains on symptom exacerbation in IBD
Two studies looked at daily strains on symptom exacer-
bation in IBD [53] and CD [1]. Duffy at al [53]. refers to
daily strains as to the day-to-day hassles and major
events persisting for longer than 3months. Duffy et al.
[53] measured these with an unnamed checklist, previ-
ously described in Kanner et al. [55] and Thoits et al.
[56]. Bitton et al. [1] assessed minor life stress using a
version of the Hassles Scale, asking participants to rate
each of the 53 minor events in the scale during the past
month on a 4-point (0–3) scale.
Low and high affect (mood) on symptom exacerbation in
IBD
Only one study looked at low and high affect (mood) on
symptom exacerbation in IBD [19]. Positive and negative
emotional styles were evaluated using the Positive and
Negative Affect Schedule (PANAS). Disease activity was
measured by the Manitoba Inflammatory Bowel Disease
Index (MIBDI). This study found that those with persist-
ently active disease were more likely to report to have
low positive affect (55.6 % vs. 40.3%, p = 0.02), and to
have high negative affect (67.1% vs. 36.9%, p < 0.0001)
when compared to those without active disease.
Hopelessness on symptom exacerbation in IBD
Mardini et al. [41] was the only study to look at the
relationship of hopelessness and disease activity in
CD. They used the Beck Hopelessness Scale (BHS),
which is a 20-item questionnaire. The questionnaire
can score a maximum of 20 points summarising the
responses of hopelessness for each item, consisting of
true-or-false statements. Although in this study it was
found that increased hopelessness is associated with
increased Crohn’s disease activity, the effects were
generally of reduced magnitude comparing to the
other psychological measures.
Psychological distress on symptom exacerbation in IBD
Bitton at al [18]. was the only study to examine the rela-
tionship between psychological distress and symptom
exacerbation in IBD. Specifically, patients with UC com-
pleted the Symptom Checklist-90R, a 90 item self-report
measure that assesses symptoms of distress and Global
Severity Index. No significant association was found be-
tween symptom relapse and PSS scores.
Long-term stressors on symptom exacerbation in IBD
Langhorst et al. [45] was the only study to include a
measure of long-term stressors and symptom exacerba-
tion. Patients with UC were followed up for 12 months
and completed the Perceived Stress Questionnaire (PSQ)
at baseline, then 3, 6, 9 and 12months respectively. The
PSQ captures a subjective interpretation of the fre-
quency of historical stressful events. Patients rated how
often an item applied to them on a 4-point scale (1 = al-
most never and 4 = usually). No validation studies had
previously determined a cutoff point for elevated long-
term stress; therefore, the researchers of this study de-
fined elevated long-term stress by score > 1 SD than the
mean value of a health population.
Results from the pooled analysis
Three studies examining perceived stress, five examining
depression and three examining anxiety qualified to be en-
tered in the pooled meta-analysis (see Figs. 2, 3 and 4).
Heterogeneity was minimal in perceived stress (Q = 4.27,
p = .12, I2 = 53%) and depression (Q = 3.46, p = .48, I2 =
0%), whilst heterogeneity for anxiety was substantial (Q =
10.84, p = 0.00, I2 = 82%). Whilst all the pooled analysis of
combined HR for the studies showed impact of baseline
psychological stress on symptom exacerbation, none of
them showed a significant statistical effect over symptom
exacerbation (Figs. 2, 3 and 4). Subgroup analyses looking
at separate disease types were conducted. The sub-
analysis was only possible for perceived stress and depres-
sion in UC as there was more than one study. Sub-
analysis was not performed for anxiety, as there was only
one study. The subgroup analysis for perceived stress and
depression in UC only (Figs. 5 and 6) did not show any
significant statistical effect of perceived stress or depres-
sion over symptom exacerbation (pooled perceived stress
HR 1.20, 95% CI 0.42–3.42 and pooled depression HR
1.04, 95% CI 1–1.08).
Consideration against the Bradford Hill criteria for
determining causality
The analysis for each of the Bradford Hill aspects of
causation is outlined in Table 4 which provides details
about the strength of association for each of the psycho-
logical factors examined in the 19 studies as well as the
value for the other Hill criteria.
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Strength of association
All studies provided summary statistics (see Table 3)
such as HR, OR or by another test of the statistical sig-
nificance of association. When the principles used to
evaluate/compute the first criteria (strength of associa-
tions) as per Roffey et al. [35] (Table 2), the findings
were as follows: of the 14 studies reporting on estimates
of association for depression, the strength of association
was classified as ‘strong’ in 4 (28%) studies, ‘moderate’ in
1 (7%), ‘weak’ in 8 (57%) and ‘none’ in 2 (14%). Of the 9
studies reporting associations of perceived stress and
symptom exacerbation, 2 (22%) reported ‘strong’, 2(22%)
reported ‘moderate’, 4 (44%) reported ‘weak’ and 1 (11%)
reported ‘no’ associations. Of the 8 studies reporting as-
sociations for anxiety, 2 (22%) reported ‘strong’, 1 (11%)
reported ‘moderate’, 5 (55.5%) reported ‘weak’ and 1
(11%) reported ‘no’ associations. Of the four studies
reporting on associations of major life stress and symp-
tom exacerbation, the strength of association was ‘mod-
erate’ for 2 (50%) studies and ‘weak’ and ‘none’ for one
study each (25%). The strength of association for recent
life events was ‘moderate to strong’ for 2 (50%) studies,
‘weak’ for 1 (25%) and ‘none’ for 1 (25%) study. The
strength of association in both studies looking at daily
strains was ‘weak’. The strength of association for low
and high mood and psychological stress was ‘weak’ in
both studies, whilst a ‘strong’ association was found for
hopelessness as a factor for exacerbating symptoms in
CD. Strength of association for long-term stress in UC
was found to be ‘none’.
Fig. 2 Forest plot for the effect of perceived stress on symptom exacerbation in IBD. Tools to measure perceived stress: PSS Perceived Stress
Scale, PSQ Perceived Stress Questionnaire
Fig. 3 Forest plot for the effect of depression on symptom exacerbation in IBD. Tools to measure depression: SCL Symptom Checklist Scale, CES-
D Center for Epidemiological Studies Depression Scale, HADS Hospital Anxiety and Depression Scale
Schoultz et al. Systematic Reviews           (2020) 9:169 Page 10 of 18
Temporality
Strong support for this criterion was found as all in-
cluded studies were prospective cohort studies, a design
that ensures exposure will precede outcome. In addition,
all studies provided evidence in support of temporality.
There was one study by Gracie et al. [47] where both di-
rections were measured; however, for the purpose of this
study, only the data where the exposure precedes the
outcome was included. Thus, temporality was satisfied
in all studies.
Coherence
Associations between psychological stress and IBD
symptoms have been documented across Europe, North
and South America and Australia. There is evidence
from different research teams using different methods
which supports this criterion strongly. However, in this
review only cohort studies were included and therefore,
this criterion was no applicable.
Consistency
Findings of associations between psychological factors
and symptom exacerbation have been established in
other populations [57–60]. Accordingly, this criterion
was satisfied for all the studies.
Plausibility
The exposures selected in this review (psychological fac-
tors) meet the criteria for plausibility of scientific cred-
ible mechanism for causality. For example, empirical
evidence from animal studies suggests potentially causal
Fig. 4 Forest plot for the effect of anxiety on symptom exacerbation in IBD. Tools to measure anxiety: SCL Symptom Checklist Scale, HADS
Hospital Anxiety and Depression Scale
Fig. 5 Forest plot of perceived stress on symptom exacerbation in UC (subgroup analysis). Tools to measure perceived stress: PSS Perceived Stress
Scale, PSQ Perceived Stress Questionnaire
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mechanisms between depression and inflammation [61,
62]. Therefore, this criterion was met for all the studies.
Biological gradient
This criterion examines if the changes in disease (symp-
tom) activity correspond to changes in exposure (length
or intensity of exposure to psychological factors). All the
included studies reported corresponding changes of dis-
ease activity symptom with changes in exposure; how-
ever, there was no clear information about dose
response in the studies (apart from Mardini et al. [41])
and therefore this criterion is not applicable.
Experiment
Whilst none of the 19 studies deliver experimental evi-
dence, a number of studies including RCTs looking at
psychological therapies and their effect on disease activ-
ity in IBD support the plausibility of a causal relation-
ship between psychological factors and symptom
exacerbation [63–65]. However, for this review as with
the coherence criterion above, the experiment criterion
is not applicable.
Causal association
The causal association scores range from weak to mod-
erate for all of the psychological factors.
Discussion
This systematic review and meta-analysis examined the
association between psychological factors and symptom
exacerbation in IBD using the Bradford Hill criteria to
further evaluate causation. To our knowledge, this is the
first systematic review utilising the application of Brad-
ford Hill criteria to examine the causation between psy-
chological factors and symptom exacerbation in IBD.
We assessed 19 cohort studies looking at several psycho-
logical factors and symptom exacerbation in IBD and con-
ducted a meta-analysis on five of these suitable studies.
Using the Bradford Hill criteria, we found a weak to moder-
ate causal relationship between psychological factors and
symptom exacerbation. We did not find a statistically sig-
nificant relationship between the psychological factors of
perceived stress, depression or anxiety with symptom ex-
acerbation when meta-analysis was performed. Our find-
ings are consistent with previous limited evidence from
meta-analysis which overall found a null association be-
tween psychological factors and symptom exacerbation in
IBD. For example, Alexakis et al. [30] meta-analysis found
no association between depressive states and disease course
in IBD. However, there remains inconsistent findings
within this area with some individual studies finding an as-
sociation between psychological factors and exacerbation of
IBD symptoms [17–19], whilst others have not [20–22].
This was our rationale for utilising the Bradford Hill criteria
to comprehensively evaluate the strength of causation be-
tween psychological factors and symptom relapse in IBD.
These criteria are the most typically applied frame-
work to assess causality [66]. However, there is a debate
as to whether all of Hill’s criteria are of the same value.
Some suggest that temporality is the most important cri-
terion because causality cannot be assessed if the risk
factor is not a predecessor to the outcome, whilst others
suggest that the most important criterion is the experi-
ment due to experiment being the only place where co-
founders can be controlled and therefore their influence
on causality isolated [67]. Nonetheless, both views are
correct and not mutually exclusive of each other, which
highlights the complexity of causality and supports the
principle that the threshold for declaring causality
should be high [35].
Fig. 6 Forest plot for the effect of depression on symptom exacerbation in UC (subgroup analysis). Tools to measure depression: SCL Symptom
Checklist Scale, CES-D Center for Epidemiological Studies Depression Scale
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Taking this into account, all the studies included in this
review established temporal direction or temporality from
psychological factors to symptom exacerbation, the factors
necessary to conclude causation according to Hill [31]. In
addition, the criteria of strength of association, consistency
and plausibility were also met, whilst biological gradient,
coherence and experiment were not applicable. The scores
were either 3 or 4 across all the studies as per Degelman
[36], which enabled us to conclude that there is weak to
moderate evidence to support a causal relationship be-
tween psychological factors as a whole and symptom ex-
acerbation. This finding is consistent with some of the
narrative reviews that have looked at a portion of psycho-
logical factors in IBD [25, 27, 68].
What might be confusing to some is that the strength
of association (the first Hill criteria) was variable across
the different psychological factors and varied between
weak, moderate and strong. This computation was im-
portant in order to assess and determine which specific
psychological factors were more strongly associated with
symptom exacerbation, or if there was any difference be-
tween CD and UC studies. The results showed that the
strength of association was moderate to strong for less
than 50% of the studies. However, for example, when
looking in depression, the studies that had a moderate/
strong strength of association with symptom exacerba-
tion had an overall larger study population size when
compared to the studies having weak associations. This
could be a chance finding or it could be that larger stud-
ies may be more reliable.
Utilising the Bradford Hill criteria could be a confus-
ing or less familiar framework for most clinicians which
might result in scepticism, particularly due to this review
offering a conclusion that is not fully consistent with
previous similar reviews about the role of psychological
factors in IBD symptom exacerbation [30]. Nonetheless,
the Bradford Hill criteria are an emerging and valuable
technique for identifying causality and can be a useful
guidance when there is an inconsistency in evidence and
is a framework that has been seen more often in studies
assessing causality [38, 69–71]. In our review, the Brad-
ford Hill criteria have been applied to each of the psy-
chological factors examined in the studies and enabled
us to draw conclusions for each of them separately.
Whilst all of the 19 eligible studies included in the re-
view looked at psychological factors (10 different in
total), each of the studies examined a small subsample of
psychological factors and used different tools to measure
these. For example, four out of the ten psychological fac-
tors had only one study evaluating them [18, 19, 41, 45].
Furthermore, those psychological factors that were eval-
uated by a larger number of studies (such as depression,
perceived stress and anxiety) used different tools and
measures for them as well as a variety of statistical
analyses. Thus, all the above made grouping for meta-
analysis, summarising and drawing a definite conclusion
about their impact on symptom exacerbation difficult.
However, looking at a wider range of psychological fac-
tors has allowed for an all-inclusive approach. Although
all the psychological factors were recorded using a var-
iety of tools, the shared element was that all psycho-
logical factors were self-reported by the participants and
no factor was objectively assessed by other means such
as biomarkers.
Strengths and limitations
The strengths of this review are the comprehensive and
thorough approach taken to this ambiguous area of IBD
care. By using the Bradford Hill approach to determine
causality and including prospective studies only it en-
abled the avoidance of limitations associated with retro-
spective design and therefore enabled a rigorous
approach to identifying the relationship between psycho-
logical factors and symptom exacerbation.
There are several limitations to this review. These in-
clude the limitations of the primary studies identified
within the review as well as the limitations specific to
the systematic process. For example, some of the studies
identified were of a lower quality. Some studies had not
reported data that could be used in our meta-analysis or
described the type of analysis or methods used. In
addition, many of the studies measured a range of psy-
chological factors as well as employing different meas-
urement tools. This heterogeneity made the synthesis
difficult and limited the meta-analysis to five studies.
The results of any systematic review depend on the
quality of the available literature. Whilst all the included
studies were rated of high quality according to CASP
2017, it is important to clarify that this rating was relat-
ing to the study design and does not reflect the position
of the study time in the hierarchy of evidence. Despite
the studies being of high quality according to CASP,
when evaluating the methodological quality of the stud-
ies for this review, we identified several weaknesses
within them. For example, same of the studies had a
small sample size or short follow-up. Short follow-up or
small sample in cohort studies might not be sufficient to
see the ‘true’ effect of psychological factors on symptoms
[70] which can explain the variability in findings be-
tween studies with different study samples and follow-
up times.
This review included four databases as well as refer-
ence lists as part of the search process to reduce the
likelihood of missing important studies; however, there
is still a possibility that some studies were missed. Due
to the review having strict inclusion criteria, many stud-
ies were excluded. For example, the review was limited
to English language; therefore, relevant studies in other
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languages could have been missed in the evidence. How-
ever, the screening process of studies was transparent
and independently verified by 2 researchers to ensure
only the most relevant studies with high methodological
quality were included in this review.
Overall applicability of evidence
The results of this review are applicable to adults with
Crohn’s disease and ulcerative colitis. Given the findings
from this review, there are two important messages.
Firstly, although the causal link between psychological
factors and symptom exacerbation was weak to moder-
ate using the Bradford Hill criteria, there is evidence of a
relationship. This finding fits with extensive reports from
clinicians and patients that there is a relationship be-
tween psychological factors and symptom exacerbation
in IBD [10, 11], whilst the uncertainty of evidence re-
mains it is important to provide psychological assess-
ment and support for the IBD population. Secondly, the
unclear relationship between psychological factors and
symptom exacerbation in IBD warrants further investi-
gation. The limited availability of data suitable to com-
bine for meta-analysis in this area requires large-scale
randomised controlled trials to enable definitive answers.
Standardising the use of measurement tools for psycho-
logical and disease symptoms would also aid future
research.
Conclusions
This review found limited evidence to support a relation-
ship between psychological factors and symptom exacer-
bation in IBD. Taking account of the weak to moderate
relationship from the Bradford Hill application and find-
ing no statistically significant relationship from the meta-
analysis suggests that these findings should be interpreted
with caution and further studies are warranted.
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